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(54) METHOD OF FLUORINATION 

(57) A method of fluorination comprising reacting 
monosaccharides, oligosaccharides, polysaccharides, 
composite saccharides formed by bonding of these sac- 
charides with proteins and lipids and saccharides hav- 
ing polyalcohols, aldehydes, ketones and acids of the 
polyalcohols, and derivatives and condensates of these 
compounds with a fluorinating agent represented by 
general formula (I) thermally or under irradiation with mi- 
crowave or an electromagnetic wave having a wave- 
length around the microwave region. In accordance with 
the method, the fluorination at a selected position can 
be conducted safely at a temperature in the range of 
150 to 200°C where the reaction is difficult in accord- 
ance with conventional methods. The above method 
comprising the irradiation with microwave or an electro- 
magnetic wave having a wavelength around the micro- 



wave region can be applied to substrates other than sac- 
charides. When a complex compound comprising HF 
and a base is reacted under irradiation with microwave, 
fluorination at a specific position which is difficult in ac- 
cordance with conventional methods proceeds highly 
selectively, efficiently in a short time and safely. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a method of fluori nation. More particularly, the present invention relates to a 
method of selectively fluorinating saccharides useful as the functional chemicals such as materials for drugs, cosmetics 
and healthy foods, and a method of efficiently fluorinating a substrate by bringing the substrate into reaction with a 
fluorinating agent under irradiation with microwave or electromagnetic wave having a wavelength around the microwave 
region. 

10 

BACKGROUND ART 

[0002] Compounds having fluorine have been attracting attention in various fields such as the medical field and the 
field of electronic materials since the unique property derived from fluorine atom leads to exhibition of various useful 

*5 functions, and the compounds have numerous applications. Therefore, various methods of effectively introducing flu- 
orine atom into substrates have been studied. Examples of the widely known methods include the method of direct 
fluorination described in Japanese Patent Application Laid-Open No. Showa 53(1 .978)- 1827; the so-called method of 
halogen exchange described in Yuki Gosei Kagaku (Organic Synthetic Chemistry), volume 47, page 258 (1999), in 
which a halogen atom in a compound having the halogen atom is exchanged with fluorine atom using HF or an alkali 

20 metal salt of fluorine such as KF; the method using hydrogen fluoride and a base such as pyridine and triethylamine; 
the method using a hypervalent iodine such as IF 5 ; the method using a specific fluorinating agent such as SF 4 , DAST 
and a fluoroalkylamine. examples of which include the Yarovenko reagent; and the method of electrolytic fluorination 
(Chemistry of Organic Fluorine Compounds II, Monograph, American Chemical Society, 1995, page 187). 
[0003] However, among the conventional methods, the methods of fluorination using fluorine gas, SF 4 or DAST have 

25 a great problem with respect to safety of the reaction. The method using a nucleophilic fluorinating agent which can 
introduce fluorine atom conveniently and safely such as a combination of HF and a base is frequently conducted in 
early stages of research and development since distillation is made possible by adjusting the number of the HF molecule 
coordinated to the base, and glass wares can be used without the possibility of corrosion. This method is described in 
references (Journal fur practische Chemie Chemiker-Zeitung, 338 (1996), pages 99 to 113; G. A. Olah, Synthetic 

30 Fluorine Chemistry, chapter 8 : 1 992. John Wiley). 

[0004] Examples of the method using a nucleophilic fluorinating agent include fluorination of sugars by the halogen- 
fluorine exchange such as the halogen-fluorine exchange of a compound having a halogen atom activated by carbonyl 
group at the ct-position, the halogen-fluorine exchange of trichloropyrimidine and the halogen-fluorine exchange of a 
sugar triflate; synthesis of fluoroethanols by ring-opening fluorination of oxirane compounds (formation of a fluorohy- 

35 drin); formation of halofluoro group or fluorosulfenyl group in unsaturated compounds; synthesis of fluorobenzene by 
fluorination accompanied with removal of diazo group; gem-difluorination of 1 ,3-dithiolanes and hydrazones; and the 
reaction of removing protective group of silyl ethers. 

[0005] However, although the easy formation of free HF can be suppressed so that the safety of the complex com- 
pound of HF and a base is enhanced, drawbacks arise in that the formation of the fluorine anion having the nucle- 
40 ophilicity becomes difficult, and the reactivity is small. Therefore, severe reaction conditions are necessary to obtain 
an excellent result of the reaction, and it is often difficult that the desired reaction proceeds. Moreover, from the stand- 
point of the industrial application, improvement is necessary for completing the reaction at a low temperature in a short 
time so that the energy cost is reduced. 

[0006] It is the actual situation that the other fluorinating agents are expensive and cannot be handled easily. Among 
<s the above methods, the method of using a specific compound having fluorine atom as the fluorinating agent is frequently 
used in the early stage of research and development on drugs and functional materials since fluorine atom can be 
introduced relatively easily. However, as described above, the conventional technology of fluorination is not satisfactory 
for making the desired fluorination proceed selectively, efficiently and safely. 

[0007] Recently, various attempts have been made to improve the selectivity and the activity of the reaction. Examples 
so of the attempt include the acceleration of the reaction using microwave. Since microwave does not have energy suf- 
ficient for starting a reaction, the application of microwave to chemical reactions is heretofore rarely conducted. Re- 
cently, a study showing that the activity and the selectivity of a reaction is improved by irradiation with microwave has 
been reported. This report is attracting attention since the result cannot be explained by the simple acceleration of the 
reaction by heating (Journal of Physical Organic Chemistry, 2000 (13), 579-586). However, the attempts on the appli- 
es cation of microwave to the fluorination are scarce. For example, no reports can be found except the application to the 
Schieman reaction (Japanese Patent Application (as a national phase under PCT) Laid-Open No. Heisei 12(2000)- 
59384). 

[0008] As for saccharides, a wide range of application and development are expected since saccharides play im- 
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portant roles in the activities of the life such as the comanunication between cells and the mechanism of immunity as 
the energy source and as the sugar chain in proteins and have the ability of forming organs such as skins and bones. 
For example, chitosan, which is a high order condensate having a repeating unit of glucosamine and is produced by 
hydrolysis or fermentation of crustaceans or glucose as the material, Is used as an additive, an antiseptic or a pet food 

5 in the field of foods and as an artificial skin, a stitching thread, a membrane for artificial dialysis and a film for controlled 
release in the field of medical treatments. Chitosan is also used in the field of the drug as an anticancer agent, an 
immunostimulator, an agent for suppressing blood glucose elevation and an agent for suppressing cholesterol absorp- 
tion, in the field of the agriculture as an agent for soil amelioration, an antivirus agent and an insecticide, in the field of 
industry as soap, a hair tonic, a cosmetic and a tooth paste, and in the field of the environment as an agent for trapping 

10 waste fluids and an agent for treating heavy metals and waste water. 

[0009] As described above, as the application of saccharides, the development of products having useful functions 
in the fields of foods, drugs, medical treatments, agriculture, industry and environment is promoted by bonding specific 
monosaccharides in higher orders or by introducing amino group, acetyl group or fluorine atom into saccharides. 
[0010] In particular, fluorinated sugars obtained by fluorinating saccharides exhibiting excellent adaptability to the 

is human body are actively studied for application as the anticancer agent and an immunosuppressant. Examples of the 
method of fluorination used for this purpose include the direct f luorination with the fluorine gas, the method of halogen- 
fluorine exchange, the method using hydrogen fluoride and a base such as pyridine and triethylamine : and the method 
using a fluorinating agent such as IF 5 , SF 4 , DAST and the Yarovenko reagent. 

[0011] However, the introduction of fluorine atom into a specific position of a saccharide is often difficult since a 
20 saccharide has a plurality of active groups such as hydroxyl groups. For example, it is known that, when methyl 2,3-0- 
isopropylidene-fJ-D-ribofuranoside is fluorinated with DAST, 2,3-O-isopropylidene-5-0-methyip-D-ribofuranosyl fluo- 
ride which is a product of rearrangement is obtained, but the fluorination of hydroxyl group as the object reaction does 
not proceed. It is also known that the object reaction does not proceed when the combination of HF and a base which 
is a convenient fluorinating agent such as the HF-pyridine complex compound and the HF-triethylamine complex com- 
25 pound is used. When an agent having a greater acidity is used to promote the reaction, side reactions such as scission 
of the protective group take place. 

[0012] When fluorine gas having a greater reactivity is used, the selective introduction of fluorine is impossible. To 
obtain the object compound, it is necessary that the halogenation be conducted using another halogen having a smaller 
reactivity, and then the halogen -fluorine exchange be conducted. 
30 [0013] As described above, it is very difficult that a specific position of a saccharide is easily fluorinated without 
affecting the protective group in accordance with the conventional technology. 

[0014] The present invention has an object of overcoming the above problems and providing a method of making 
the fluorination of a desired substrate proceed highly selectively, efficiently and safely, and to provide a method of 
fluorinating a specific position of a saccharide selectively without affecting a protective group at a temperature within 
35 a wide range safely and easily. 

DISCLOSURE OF THE INVENTION 

[0015] As the result of intensive studies by the present inventors to overcome the above problems, it was found that, 
when monosaccharides, oligosaccharides, polysaccharides, composite saccharides formed by bonding of these sac- 
charides with proteins and lipids and saccharides having polyalcohols, aldehydes, ketones and acids of the polyalco- 
hols, and derivatives and condensates of these compounds were brought into reaction with a specific fluorinating agent 
thermally or under irradiation with microwave or an electromagnetic wave having a wavelength around the microwave 
region, the fluorination could be conducted selectively at a specific position safely at a temperature in the range of 1 50 

45 to 200°C where the reaction was heretofore difficult. 

[0016] It was also found by the present inventors that the method of irradiating with microwave or electromagnetic 
wave having a wavelength around the microwave region could be applied to substrates other than the saccharides, 
and the fluorination at a specific position which had been difficult in accordance with the conventional technology 
proceeded highly selectively, efficiently in a short time and safely by conducting the reaction using other fluorinating 

so agents under irradiation with microwave. 
[0017] The present invention provides: 

(1) A method of fluorination which comprises fluorinating a saccharide using a fluorinating agent represented by 
general formula (I): 

55 
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wherein Y represents nitrogen atom or phosphorus atoin, R°, R 1 and R 2 represent hydrogen atom or an alkyl or 
aryl group which may have substituents, the atom and the groups represented by R°, R 1 and R 2 may be a same 
with or different from each other, and two or three of the groups represented by R°, R 1 and R 2 may be bonded to 
each other to form a ring; 

(2) A method of fluorination described above in (1), wherein, in general formula (I), Y represents nitrogen atom, 
R° represents 3-methylphenyl group or 2-methoxyphenyl group, and R 1 and R 2 represent ethyl group; 

(3) A method of fluorination described above in any one of (1) and (2), wherein the saccharide is fluorinated by a 
thermal reaction; 

(4) A method of fluorination which comprises fluorinating a substrate by bringing the substrate and a fluorinating 
agent into reaction with each other under irradiation with at least one of microwave and electromagnetic wave 
having a wavelength around a microwave region. 

(5) A method of fluorination described above in (4), wherein the fluorinating agent is a compound represented by 
general formula (II): 



wherein Y represents nitrogen atom or phosphorus atom, X represents hydrogen atom or a halogen atom, R°, R 1 
and R 2 represent hydrogen atom or an alkyl or aryl group which may have substituents, the atom and the groups 
represented by R°, R 1 and R 2 may be a same with or different from each other, and two or three of the groups 
represented by R°, R 1 and R 2 may be bonded to each other to form a ring; 

(6) A method of fluorination described above in (5), wherein the fluorinating agent is a compound represented by 
general formula (III): 



r ^ 4 

\ / x 

R 3 -c— < R 5 

(in) 

wherein R 3 , R 4 and R 5 each Independently represent an alkyl or aryl group which may have substituents, X rep- 
resents hydrogen atom or a halogen atom, and two or three of the groups represented by R 3 , R 4 and R 5 may be 
bonded to each other to form a cyclic structure; 

(7) A method of fluorination described above in any one of (5) and (6), wherein the substrate is an organ ic compound 
having at least one atom selected from oxygen atom, nitrogen atom and sulfur atom; 

(8) A method of fluorination described above in (4), wherein the fluorinating agent is a complex compound com- 
prising HF and a base; and 

(9) A method of fluorination described above in (8), wherein the substrate is a compound having hydrogen atom 
activated by a substituent at an a position, a ^-position or a y-position, a silyl ether compound, a compound having 
an unsaturated group, hydroxyl group, a halogeno group, amino group, diazo group, triazeno group or isocyano 
group as a functional group, or a cyclic compound having three-membered or greater ring which may have heter- 
oatoms. 
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THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 



[0018] As the saccharide used in the present invention, polyalcohols and other substances can be used. Examples 
of the other substances include monosaccharides such as glucose, fucose, N-acetylglucosamine, N-acetylgalactos- 

5 amine, N-acetylneuraminic acid, erythrose, threose, ribose, arabinose, xylose, arose, lyxose, altrose, mannose, gulose, 
idose, galactose, talose, psicose, furctose s sorbose, tagatose, unsaturated sugars having an unsaturated bond such 
as hexaenose, branched sugars such as apiose, and derivative of sugars such as deoxy sugars, amino sugars, thio 
sugars, condensed sugars and anhydrides of monosaccharides; oligosaccharides, including disaccharides, comprising 
two to several monosaccharides bonded th rough the glycoside bond such as maltose, cane sugar and lactose; polysac- 

10 charides such as starch, glycogen and cellulose; composite saccharides obtained by bonding of these saccharides 
with proteins and lipids; and nucleosides, oligonucleosides, ribonucleic acid and deoxyribonucleic acid which are ob- 
tained by bonding of these saccharides with bases of nucleic acids. 

[0019] The fluorinating agent used for fiuorination of the above saccharides is a compound represented by the fol- 
lowing general formula (I): 

15 
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[0020] In general formula (I), R°, R 1 and R 2 represent hydrogen atom or an alky I or aryl group which may have 
25 substituents, the atom and the groups represented by R°, R 1 and R 2 may be the same with or different from each other, 

and two or three of the groups represented by R°, R 1 and R 2 may be bonded to each other to form a ring. 

[0021] As the a Iky I group, saturated and unsaturated aliphatic and alicyclic alkyl groups having 1 to 32 carbon atoms 

are preferable. Examples of the alkyl group include methyl group, ethyl group, propyl group, isopropyl group, butyl 

group, isobutyl group, t-butyl group, pentyl group, hexyl group, heptyl group, octyl group, 2-ethylhexyl group, nonyl 
30 group, decyl group, cyclohexyl group, cyclooctyl group, decafyl group, norbornyl group, bicyclohexyl group, adamantyl 

group, isomers of these groups, hydroxymethyl group, hydroxyethyl group, hydroxypropyl group and hydroxybutyl 

group. 

[0022] Examples of the aryl group include aromatic aryl groups such as phenyl group, o-totyl group, m-tolyl group, 
p-tolyl group, o-xylyl group, m-xylyl group, p-xylyl group, dimethylphenyl group, isomers of dimethy (phenyl group having 
35 methyl group at different positions, cumyl group, mesityl group, trimethylphenyl group, hydroxyphenyl group, methox- 
yphenyl group, Isomers of methoxyphenyl group having methoxyl group at different positions, naphthyl group, meth- 
ylnaphthyl group, dimethylnaphthyl group, hydroxy naphthyl group, biphenyl group, tetralyl group, terphenyt group, an- 
thryl group, benzothienyl group, chromenyl group, indoryl group, pyridyl group and quinolyl group; and groups having 
heterocyclic rings. 

40 [0023] The alkyl group and the aryl group may have other functional groups such as hydroxyl group, halogen groups, 
nitro group, mercapto group, amino group, amide group, cyano group, carbonyl group, carboxyl group, acetyl group, 
acyl group, alkoxyl groups and sulfone group. 

[0024] Among the fluorinating agents represented by general formula (I), compounds represented by general formula 
(I) in which Y represents nitrogen atom, R° represents 3-methylphenyl group or 2-methoxyphenyl group, and R 1 and 
45 r2 represent ethyl group are preferable. Among these compounds, N.N-diethyl-a,a-difluoro(3-methyl)benzylamineand 
N,N-dlethyl-a l a-difluoro(2-methoxy)benzylamine, which are compounds represented by general formula (I) in which 
R° represents 3-methylphenyl group or 2-methoxyphenyl group, and R 1 and R 2 represent ethyl group, are more pref- 
erable since the compounds exhibit the excellent heat stability such that the compounds are stable at a high temperature 
of 150°C or higher. 

so [0025] It is preferable that the fluorinating agent represented by general formula (I) is used in an amount of 1 mole 
or more per 1 mole of the functional group in the substrate taking part in the reaction. The reaction may be allowed to 
proceed while the fluorinating agent is used in an excess amount or in an amount less than the stoichiometry. 
[0026] The fiuorination can be conducted in accordance with a batch process, a semi-batch process or a continuous 
process. The fiuorination can be conducted in accordance with the conventional thermal reaction or under irradiation 

w with microwave and/or electromagnetic wave having a wavelength around the microwave region. 

[0027] The reaction can be safely performed when the temperature of the reaction is lower than the so-called runaway 
temperature under heating (the temperature at which the heat generation starts in the ARC test). It is preferable that 
the fiuorination is conducted at 200°C or lower and more preferably at a temperature in the range of the room temper- 
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ature to 1 50°C. When the thermal reaction is conducted, the f luorination is conducted at a temperature lower than the j 
runaway temperature under heating. J 
[0028] When the f luorination is conducted under irradiation with microwave or electromagnetic wave having a wave- 
length around the microwave region, in general, it is preferable that microwave having a frequency of 1 to 30 GHz is 
5 used. Electromagnetic wave having a frequency outside the above range such as millimeter wave having a frequency 
greater than 30 GHz and 300 GHz or smaller and electromagnetic wave having a frequency in the range of 0.3 GHz 
or greater and smaller than 1 GHz can also be used. The electromagnetic wave can be applied continuously or inter- 
mittently while the temperature is adjusted. For example, a conventional reactor for batch reactions is covered with a 

shield so that the microwave does not ieak, and microwave is applied to the reactor. For this purpose, a commercial I 
10 microwave oven is advantageously used, and a commercial oven for chemical synthesis may be used. The output of j 
the magnetron tube for generation of microwave used for the reaction and the intensity of the irradiation are not par- j 
ticularly limited except the legal restrictions. An easily available tube having an output of 200 to 6,000 W is preferable: 
A plurality of tubes may be used in combination when a greater output is necessary. It is preferable that the intensity 

of the irradiation with microwave is, in general, 20 W/cm 2 or greater and more preferably 100 W/cm 2 or greater. ! 
15 [0029] It is preferable that the time of the reaction is in the range of 1 0 to 360 minutes when the thermal reaction is 
conducted. When the reaction is conducted under irradiation of microwave and/or electromagnetic wave having a 

wavelength around the microwave region, in general, the time of the reaction is shorter than that in the thermal reaction. j 
It is preferable that the time of the irradiation is 0. 1 to 200 minutes, more preferably 0.1 to 60 minutes and most preferably S 
1 to 30 minutes although the time of the irradiation is different depending on the type of the substrate. In a pretreatment 
20 such as drying and in the fluorination, microwave may be applied for 3 hours or longer, where necessary. As for the 
temperature of the reaction, the reaction may be conducted at a temperature in a range such that the substrate, the 
fluorinating agent and the reaction products are stable. In general, a temperature In the range of the room temperature 

of about 25° C to 200° C is preferable. However, the reaction may be conducted at a temperature lower than the room ■ 
temperature or higher than 200°C. 
25 [0030] For making the fluorination proceed, it is not necessary that a solvent is used. A solvent may be used for 
conductingthestirring sufficiently or preventing elevation of the temperature. Examples of the preferable solvent include 
aliphatic hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, aromatic halogenated hydrocarbons, ni- 
triles and ethers which are inter to the substrate, the fluorinating agent and the reaction products. A suitable combination 
of the solvents may be used. 

30 [0031] When the irradiation with microwave is completed, the reaction product may be separated after treatments 
such as post treatments, extraction, distillation and filtration similarly to the treatments in the ordinary thermal reaction. 
[0032] When the reaction is conducted using the fluorinating agent represented by general formula (I) exhibiting the 
excellent heat stability in accordance with the thermal reaction or under irradiation with microwave and/or electromag- 
netic wave having a wavelength around the microwave region, a specific portion of a saccharide can be fluorinated 

35 selectively and easily without affecting the protective group in the wide range of the temperature which is difficult in 
conventional reactions. 

[0033] The above method of fluorination comprising conducting the reaction under irradiation with microwave and/ 
or electromagnetic wave having a wavelength around the microwave region can be applied to fluorination of substrates 
other than saccharides using a fluorinating agent other than the fluorinating agent represented by general formula (I). 
40 [0034] For example, in the method of fluorination under irradiation with microwave and/or electromagnetic wave 
having a wavelength around the microwave region, a fluorinating agent represented by general formula (II): 



FX x 

R — C 2 
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may be used. 

[0035] In general formula (II), X represents hydrogen atom or a halogen atom, and R°, R 1 and R 2 and Y are as 
defined for general formula (I). 

[0036] As the preferable fluorinating agent, a fluorinating agent represented by general formula (III): 
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can also be used. 

[0037] In general formula (IH) r R 3 , R 4 and R 5 each independently represent an alkyl or aryt group which may have 
substituents, and two or three of the groups represented by R 3 , R 4 and R 5 may be bonded to each other to form a ring 
structure. Examples of the alkyl group and the aryl group represented by R 3 R 4 and R 5 include the groups described 
as the examples of the alkyl groups and the aryl groups represented by R°, R 1 and R 3 In general formula (I). 
[0038] In general formula (III), X represents hydrogen atom or a halogen atom such as fluorine atom, chlorine atom, 
bromine atom and iodine atom. 

[0039] It is preferable that, in general formula (III) representing the fluorinating agent, R 3 represents an aryl group 
which may have substituents, X represents fluorine atom, and R 4 and R 5 represent an alkyl group or aryl group having 
1 to 32 carbon atoms which may have substituents. 

[0040] Examples of the compound represented by general formula (III) include alkylfluoroamines and arylfluoroam- 
ines. Examples of the compound represented by general formula (III) in which R 4 and R 5 represent ethyl group include , 
N,N-diethyl-a,a-difluorobenzyiamine s N,N-diethyl-a,a-difluoro(2-methyl)benzylamine, N,N-diethyl-a,a-difluoro-(3-me- 
thyljbenzylamine, N,N-diethyl-a,a-difluoro(4-methyl)benzylamine, N,N-diethyl-a,a-difluoro(2-methoxy)benzylamine s 
N,N-diethyl-a,a-difluoro(4-phenyl)benzylamine, N,N-diethyl-a,a-difluorocylcohexylmethylamine, N.N-diethyl-ct.a-dif- 
luoropyridylmethylamine and N,N-diethyl-a,a-difluorocyclohexylmethylamine. 

[0041] Among the compounds represented by general formula (III), aromatic fluoroamines such as N,N-diethyl-a,a- 
difluoro(3-methyl)-benzylamine, N,N-diisopropyl-a,a-difluoro(3-methyl)benzylamine, N,N-diethyl-a,a-difluoro(2-meth- 
oxy)benzylamine ! N,N-diisopropyl-a,a-dirluoro*(2-methoxy)benzylamine and N,N-di-n-butyl-a,a-difluoro(2-methoxy)- 
benzy (amine are preferable due to the excellent heat stability. 

[0042] The substrates which can be fiuorinated with the fluorinating agent represented by general formula (III) are 
organic compounds, polymers and inorganic compounds. The substrates are so numerous that it is difficult that ex- 
amples corresponding to the entire substrates are shown. In general, the substrate is an organic compound having 
oxygen atom, nitrogen atom or sulfur atom. Examples of the organic compound Include primary, secondary and tertiary 
alcohols having isolated hydroxyl groups as the functional groups; polyols having a plurality of hydroxyl groups such 
as 1 ,2-diols having adjacent hydroxyl groups, 1 ,3-diols and other polyols; thiols; compounds having carbonyl group or 
carboxyl group such as aldehydes, ketones, carboxylic acids, hydroxycarboxylic acid, esters of carboxylic acids and 
lactones; aromatic compounds exhibiting an Increased nucleophilicity due to the presence of an electron -attracting 
group such as cyanohydrins : sulfonic acids, esters of sulfonic acids, thiocarboxylic acids, esters of thiocarboxylic acids 
and dinltrobenzenes; aromatic diazonium salts; heterocyclic compounds; saccharides such as monosaccharides, gly- 
coxides, anhydrides of monosaccharides, oligosaccharides and polysaccharides; hydrocarbons having a cage shape 
such as fullerenes; and epoxides such as ethylene oxide and epichlorohydrin. Specific examples of the substrate 
include ethanol, propyl alcohol, butyl alcohol, heptanol, octanol, benzyl alcohol, phenetyl alcohol, nitrophenol, cyclohex- 
anol, adamantanol, cholesterol, epiandrostrone, ethylene glycol, cyclohexanediol, glycerol, propylene oxide, alky- 
loxiranes, benzaldehyde, alkylbenzaldehydes, acetophenone, benzophenone, cyclopentanone, cyclohexanone J in- 
danone, mandelonitrile, y-butyrolactone, mevalono lactone, benzenesulfonic acid, naphthalenesulfonic acid, thioben- 
zoic acid, methyl thiobenzoate, dinitrochlorobenzene, oc-D-glucopyranose, p-D-fructofuranose, a-D-xylohexopyranose- 
4-urose, p-D-glucobinalronic acid and fullerenol. Examples of the specific compound providing a greater added value 
include 2-hydroxymethylsaccharine as the raw material of 2-saccharinylmethylarylcarboxylates useful as the inhibitor 
for proteolysis enzymes, 2,3-di(4-pyridyl)-4-methylthiophene-3-carboaldehyde as an intermediate for pyridylthiophene 
used for curing diseases occurring via cytokine, dinucleotides and oligonucleotides used as the drug for curing diseases 
caused by viruses such as herpes, and 7p-carboxymethyl-4-aza-5a-cholestanone used as a raw material for the in- 
hibitor for 6a-reductase. 

[0043] Of course, the substrate used for fluorination using the fluorinating agent represented by general formula (III) 
is not limited to the compounds shown as the examples. Among the substrates, compounds having hydroxyl group, 
saccharides, compounds having carbonyl group or carboxyl group and epoxides are preferable. Among the compounds 
having hydroxyl group, compounds having adjacent hydroxyl groups are more preferable. 

[0044] The procedures for fluorination using the fluorinating agent represented by general formula (III) under irradi- 
ation with microwave and/or electromagnetic wave having a wavelength around the microwave region are approxi- 
mately the same as those forf luorination using the fluorinating agent represented by general formula (I) under irradiation 



EP 1 568 703 A1 



with microwave and/or electromagnetic wave having a wavelength around the microwave region. The temperature of 
the reaction can be selected in a range such that the substrate, the fluorinating agent and the reaction products are 
stable. In general, a temperature in the range of the room temperature of about 25°C to 200°C is preferable. However, 
the reaction may be conducted at a temperature lower than the room temperature or higher than 200°C. 
5 [0045] When the fluorinating agent represented by general formula (I) in which Y represents nitrogen atom or when 
the fluorinating agent represented by general formula (III) is used, the fluorinating agent can be recovered as the 
corresponding amide after the fluorination has been completed, and a process for fluorination allowing recycling of the 
materials can be constructed easily. 

[0046] In accordance with the method of fluorination using the fluorinating agent represented by general formula (III) 
10 under irradiation with microwave and/or electromagnetic wave having a wavelength around the microwave region, the 
above substrate can be fluorinated efficiently in a short time safely with the excellent selectivity. 
[0047] The method of fluorination under irradiation with microwave and/or electromagnetic wave having a wavelength 
around the microwave region can be applied to fluorination using a complex compound comprising HF and a base as 
the fluorinating agent. 

15 [0048] Examples of the complex compound comprising HF and a base used as the fluorinating agent include 
alkylamine-HF complex compounds, melamine-HF complex compounds and pyridine-HF complex compounds. Among 
these complex compounds, the triethylamine-nHF complex compounds (in general, n represents an integer) are pref- 
erable, and the triethylamine-3HF complex compound is more preferable due to the easiness of handling since the 
compound can be distilled and glass vessels can be used due to the absence of the corrosive property. 

20 [0049] When the complex compound of HF and a base is used as the fluorinating agent, an agent accelerating the 
reaction may be used in combination with the fluorinating agent to accelerate the reaction. As the agent accelerating 
the reaction, NBS (N-bromosuccinimide), DBH (1 t 3-dibromo-5 s 5-dimethylhidantoln) and sulfur chloride are used for 
the gem-difluorination of 1 ,3-dithiane, and sulfuryl compounds are used in combination with the complex compound 
of HF and a base for obtaining halofluorides or fluorosulfenyl compounds from olefins and alkynes. 

25 [0050] Examples of the substrate used in the method of fluorination using the complex compound of HF and a base 
as the fluorinating agent under irradiation with microwave and/or electromagnetic wave having a wavelength around 
the microwave region include compounds having hydrogen atom activated by a substituent at the a position, the p- 
position orthe y-position, silyl ether compounds, compounds having an unsaturated group, hydroxy I group, a halogeno 
group, amino group, diazo group, triazeno group or isocyano group as the functional group, and cyclic compounds 

30 having three-mem bered or greater ring which may have heteroatoms. 

[0051 ] Trie above substrates are compounds which can take part in reactions such as conversion of functional groups 
into fluorine, ring-opening fluorination of cyclic compounds, gem-difluorination of 1 ,3-dithiolane and hydrazone, gem- 
trifluorination of ortho-thioesters, oxidative fluorination, reductive fluorination and reaction of removing the protective 
group of silyl ethers. Examples of the conversion of functional groups into fluorine include the halogen-fluorine exchange 

35 with halogen compounds, formation of halofluorides, fluorosulfenyl compounds and nitrofluoro compounds from un- 
saturated groups In olefins and alkynes, fluorination of hydroxyl groups in alcohols and saccharides and fluorination 
of amino group, diazo group, triazeno group and isocyano group with removal of diazo group. 
[0052] Specific examples of the above substrate include cyclic compounds which may have heteroatoms such as 
cyclopropane, cyclobutane, cyclopentane, cyclobutene, cylopentene, cyclohexene, cycloheptene, cyclooctene, cy- 

40 clodecene, cyclododecene, butene, 2,3-dimethylbutene, methylenecyclohexene, 5-a-cholest-2-ene, ethylene oxide, 
propylene oxide, oxetane, oxorane, cyclohexene oxide, cyclooctene oxide, cyclodecene oxide, cyclododecene oxide, 
alkyloxiranes, styrene oxide, norbornene oxide, aziridine, azirine, thiirane, azethidine, azolidine.thiazolidine, 1 ,3-dithi- 
ane; aromatic compounds, aromatic diazonium salts and heterocyclic compounds exhibiting increased nucleophilicity 
due to the presence of an electron -attracting group such as indanone, cyclopentanone, y-butyrolactone, mevalonola- 

45 cotne, bromoacetone, benzenesulfonic acid, naphthalenesulfonic acid, thiobenzoic acid s methyl thiobenzoate, acrylic 
acid, methyl acrylate, methacrylic acid, methyl methacrylate and trichloropyrimldine; alcohols having hydroxyl group 
as the functional group and sugars such as monosaccharides, oligosaccharides and polysaccharides, examples of 
which include allyl alcohol, allyl veratrol, citroneral, a-D-glucopyranose, j}-D-fructofuranose, a-D-xylohexopyranose- 
4-urose and p-D-glucobinalronic acid; compounds having unsaturated bonds such as propylene, butene, tolan and 

so acetylenes; and hydrocarbons having a cage shape such as fullerenes. The above compounds may further have a 
plurality of other functional groups. 

[0053] Examples of the other functional group include a single or a plurality of hydroxyl groups, thiol groups, formyl 
groups, carbonyl groups, carbonyloxyl groups, alkyloxycarbonyl groups, cyano groups, sulfonyl groups, alkylsulfonyl 
groups, sutfenyl groups, thiocarbonyl groups ! nitro groups, amino groups and diazo groups, which may be primary, 
55 secondary or tertiary groups. The above method can be applied not only to organic compounds, but also to inorganic 
compounds, materials obtained by introducing the functional group on the surface of polymers and organic-inorganic 
hybrid materials obtained by introducing the functional group. 

[0054] Of course, the substrate used for fluorination using the complex compound of HF and a base under irradiation 
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with microwave and/or electromagnetic wave having a wavelength around the microwave region is not limited to the 
compounds shown as the examples. In the present method, saccharides and cyclic compounds having cyclopropane 
ring, oxirane ring, aziridine ring, azirine ring or 1 ,3-dithiane ring are preferable among these substrates. 
[0055] The procedures for fluorinatlon using the complex compound of HF and a base under irradiation with micro- 

5 wave and/or electromagnetic wave having a wavelength around the microwave region are approximately the same as 
those for fluorination using the fluorinating agent represented by general formula (I). The temperature of the reaction 
can be selected in a range such that the substrate, the fluorinating agent and the reaction products are stable. In 
general, a temperature in the range of the room temperature of about 25°C to 300°C is preferable. However, the 
reaction may be conducted while the temperature is controlled at a value lower than the room temperature or higher 

10 than 200°C similarly to the ordinary thermal reaction. 

[0056] When the complex compound of HF and a base is used as the fluorinating agent under irradiation with mi- 
crowave and/or electromagnetic wave having a wavelength around the microwave region, the complex compound of 
HF and a base which is stable and causes practically no corrosion, such as the triethylamlne-HF complex : can be used 
in various types of fluorination for various substrates, and the fluorinationi can be conducted efficiently in a short time 

15 under a milder condition than that of the thermal reaction. Examples of the above fluorination include the ring-opening 
fluorination of compounds having hydrogen atom activated by a substituent at the a position, the ^-position or the y- 
position, silyl ether compounds, compounds having an unsaturated group, hydroxyl group, a halogeno group, amino 
group or diazonium group as the functional group, and cyclic compounds having three-membered or greater ring which 
may have heteroatoms, formation of halofluorides or f luorosulfenyl compounds from unsaturated compounds, the hal- 

20 ogen-fluorine exchange, fluorination with removal of diazo group, gem-difluorination of 1 ,3-dithioranes and hydrazones 
and the removal of the protective group of silyl ethers. 

[0057] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited to the examples. 

25 a. Using the fluorinating agent represented by general formula (I) 

<Synthesis of the fluorinating agent> 

a) N,N-Diethyl-a-chloro-meta-toluylamidium chloride 

30 

[0058] Into a three-necked flask (300 ml), a solution of carbon tetrachloride (125 g) containing oxalyl chloride (25 g; 
0. 1 97 moles) was placed under the atmosphere of nitrogen. While the flask was cooled with ice water and the solution 
was stirred, N.N-diethyl-meta-toluamide (45 g; 0.236 moles; referred to as DEET, hereinafter) was added dropwise 
over 20 minutes. After the addition was completed, the resultant mixture was kept at the same temperature for 10 

35 minutes. After the temperature of the content was adjusted at 50°C, the reaction was allowed to proceed for 1 hour. 
Generation of a gas was observed during the reaction, and then white precipitates were formed. The formed white 
precipitates were separated by filtration, washed with carbon tetrachloride and n-hexane and dried, and N : N-diethyl- 
a-chloro-meta-toluylamidium chloride was obtained. The obtained N,N-diethyl-a-chloro-meta-toluylamidium chloride 
was heated slowly in a capillary tube (a sealed tube) to 200°C. No decomposition was observed, and the compound 

40 was thermally stable. 

[0059] It was found that the obtained N,N-diethyl-a-chloro-meta-toluylamidium chloride had a melting point of 54.6°C 
in accordance with the thermal analysis using TG-DTA. 

b) N.N-Diethyl-a^-difluorolS-methylJbenzylamine 

45 

[0060] Into a three-necked flask (500 ml), N,N-diethyl-a-chloro-meta-toluylamidium chloride (25 g; 0.1 mole) pre- 
pared above, a spray dried product of potassium fluoride (manufactured by MORITA KAGAKU Co., Ltd.; 23.5 g; 0.4 
moles) and acetonitrile (250 g) were placed, and the reaction was allowed to proceed at the reflux temperature of 
acetonitrile for 1 8 hours under the atmosphere of nitrogen. After the reaction was completed, the reaction mixture was 

so cooled to the room temperature and filtered, and an acetonitrile solution containing a product of fluorine exchange with 
N.N-diethylchloro-meta-toluylamidium chloride was obtained. The obtained solution was distilled using a rectifier of 
the rotating band type having a theoretical number of stage of 80, and 1 3 g of N,N-diethyl-a,a-difluoro(3-methyl)ben- 
zylamine (referred to as DEET-F, hereinafter) was obtained as a fraction at a temperature of 50 to 60°C (the pressure: 
2 mmHg : 260 Pa). The yield after the isolation by distillation was about 60% based on the amount of N,N-diethylchloro- 

55 meta-toluylamidium chloride. 

[0061] The obtained fraction was a colorless transparent liquid and had the following properties. 
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(Heat stability and the runaway temperature under heating) 

[0062] A sample of the product was slowly heated in a capillary tube (a sealed tube) to 200°C and kept at this 
temperature for 1 hour. No decomposition was observed, and the product was thermally stable. In the thermal analysis 
5 in which the temperature was raised to 400°C at a rate of 1 0°C per minute using an apparatus for the TG/DTA thermal 
analysis, heat generation started at 2 1 0°C, and a gradual decrease in the weight was observed. The peak temperature 
of the heat generation was 280°C. The temperature of the start of heat generation was 1 80°C as measured in accord- 
ance with the method of measuring the runaway reaction of Japanese Industrial Standard (the ARC test) for evaluating 
the heat stability of a substance in the adiabatic condition. 

10 

(Content of fluorine) 

[0063] Calculated: 1 7.8% by weight; found: 1 7.6% by weight 

is c) N,N-Diethyl-2-methoxybenzamide 

[0064] Into a three-necked flask (200 ml), a toluene solution (56 g) containing diethylamine (25.80 g; 0.352 moles) 
was placed. While the flask was cooled with ice water and the solution was stirred, a toluene solution (30 g) of 2-meth- 
oxybenzoyl chloride (2.00 g; 0.117 moles) was added dropwise over 30 minutes. After the addition was completed, 
20 water was added to the resultant mixture, and diethylamine and diethylamine hydrochloride In excess amounts were 
removed. The obtained toluene layer was dehydrated with MgS0 4 . Then, the solvent was removed by distillation, and 
a light yellow liquid was obtained (the obtained amount: 22.31 g; the yield: 94%). 

d) Synthesis of N,N-diethyl-o-chloro(2-methoxyphenyl)amidium chloride 

25 

[0065] Into a three-necked flask (200 ml), a solution of carbon tetrachloride (54 g) containing oxalyl chloride (24.50 
g; 0.193 mole) was placed under the atmosphere of nitrogen. To the resultant mixture, N,N -diethyl -2-methoxybenza- 
mide (20.05 g; 0.0965 moles) was added dropwise over 20 minutes at the room temperature. After the addition was 
completed, the temperature of the content was adjusted at 50°C, and the reaction was allowed to proceed for 5 hours. 
30 Generation of a gas was observed during the reaction, and then the reaction mixture was separated into two layers. 
After the reaction was completed, the solvent was removed by distillation. When the resultant product was left standing, 
a charcoal brown solid was obtained. The obtained solid was washed with carbon tetrachloride and n-hexane and 
dried, and N,N-diethyl-a-chloro(2-methoxyphenyl)amidium chloride was obtained (the obtained amount: 21 .40 g; the 
yield: 80%). 

35 [0066] To confirm the ability of chlorination of the obtained N,N-diethyl-a-chloro(2-methoxyphenyl)amidium chloride, 
the reaction with benzyl alcohol was conducted in a glove box. Into a test tube, N,N-d!ethyl-a-chloro(2-methoxy phenyl) 
amidium chloride (0.20 g; 0.465 moles), benzyl alcohol (0.11 g; 1.017 moles) and acetonitrile (1.10 g) were placed, 
and the reaction was allowed to proceed at the room temperature for 4 hours. As the result of analysis of the reaction 
fluid in accordance with GC, the formation of benzyl chloride was confirmed. 

40 

e) N,N-Diethyl-a ! a-difluoro(2-methoxy)benzylamine 

[0067] In a glove box : N,N-diethy I -a-chloro(2-methoxy phenyl) amidium chloride prepared above (20.00 g; 0.0725 
moles), potassium fluoride (manufactured by MORITA KAGAKU SPRAY DRY Co., Ltd.; 17.72 g; 0.3052 moles) and 

45 acetonitrile (200 g) were placed into a three-necked flask (100 ml). Under the atmosphere of nitrogen, a condenser 
and an electromagnetic stirrer were attached to the flask, and the reaction was allowed to proceed at 80°C for 20 hours. 
After the reaction was completed, the reaction mixture was cooled to the room temperature and filtered in the glove 
box, and an acetonitrile solution containing a product of fluorine exchange with N,N-diethyl-a-chloro(2-methoxyphenyl) 
amidium chloride was obtained. 

so [0068] This solution was distilled using a rectifier of the rotating band type having a theoretical number of stage of 
80, and N,N-diethyl-a,a-difluoro(2-methoxy)benzylamine (9.86 g; the yield: 55%) was obtained as a fraction at a tem- 
perature of 77 to 80°C under a pressure of 2 mm Hg (260 Pa). 

[0069] The obtained fraction was colorless transparent liquid and had the following properties. 

55 (Heat stability and the runaway temperature) 

[0070] A sample of the product was slowly heated in a capillary tube (a sealed tube) to 200°C and kept at this 
temperature for 1 hour. No decomposition was observed, and the product was thermally stable. In the thermal analysis 
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in which the temperature was raised to 400°C at a rate of 1 0°C per minute using an apparatus for the TG/DTA thermal 
analysis, heat generation started at 20 to 210°C, and a gradual decrease in the weight was observed. The peak tem- 
perature of the heat generation was 255°C. The temperature of the start of heat generation was 159°C as measured 
in accordance with the method of measuring the runaway reaction of Japanese Industrial Standard (the ARC test) for 
5 evaluating the heat stability of a substance in the adiabatic condition. 

Example 1 Fluorination of methyl 2,3-O-isopropylidene-p-D-ribofuranoside 

[0071] A 100 ml glass reactor equipped with a stirrer and a condenser and coated with a fluororesin was used. Into 
10 the reactor, methyl 2,3-O-isopropylidene-p-D-ribofuranoside (10 mmole) as the substrate, N,N-diethykx,a-difluoro 
(3-methyl)benzylamine (12 mmole; 2.56 g) as the fluorinating agent and 20 ml of heptane were placed. While the 
resultant mixture was stirred, the temperature was raised from the room temperature to 100°C, and the reaction was 
allowed to proceed for 60 minutes. After the reaction was completed, 50 ml of water was added to the fluid formed by 
the reaction, and the resultant mixture was treated by extraction twice with 20 ml of dichloromethane. The extract was 
15 dried with magnesium sulfate, filtered and distilled under a reduced pressure, and a product was obtained. The product 
was identified in accordance with IR, NMR and the mass analysis and quantitatively analyzed in accordance with the 
gas chromatography or the liquid chromatography. The yield of methyl 2,3-0-isopropylidene-5-deoxy-5-fluoro-p-D- 
ribofuranoside as the product was 55%. 

20 Example 2 Fluorination of methyl 2,3-0-isopropylidene-fM>ribofuranoside 

[0072] In a microwave oven in which uniform irradiation can be made by a distributor of the pyramid type (the width 
and the depth: 55 cm; the height: 70 cm; the output: 1 KW; the frequency: 2.45 GHz), a 1 00 ml glass reactor equipped 
with a stirrer and a condenser and coated with a fluororesin was placed. Into the reactor, methyl 2,3-O-isopropylidene- 

25 p-D-ribofuranoside (10 mmole; 2.04 g) as the substrate and N,N-diethyl-a,a-difluoro(3-methyl)benzylamine (12 mmole; 
2.56 g) as the fluorinating agent were placed. While the resultant mixture was stirred at the room temperature, the 
mixture was irradiated with microwave for 10 minutes. After the irradiation was completed, the same treatments as 
those conducted in Example 1 were conducted, and methyl 2,3-0-isopropylidene-5-deoxy-5-fluoro-p-D-ribofuranoside 
as the object product was obtained at a yield of 65%. As a byproduct, 2,3-0-isopropylidene-5-0-methyl-p-D-ribof uran- 

30 osyl fluoride was obtained at a yield of 20%. 

Comparative Example 1 Fluorination of methyl 2,3-O-isopropylidene-p-D-ribo-furanoside 

[0073] Into 20 ml of dried dichloromethane, methyl 2,3-0-isopropylidene-£-D-ribofuranoside (1 0 mmole) as the sub- 
35 strate was dissolved. While the solution was stirred under the nitrogen stream, N,N-dietlaylaminosulfur trifluoride 
(DAST, 10 mmole) was slowly added dropwlse. After the addition was completed, the reaction was allowed to proceed 
for 15 minutes. Water in an amount of 50 ml was poured into the obtained reaction fluid. After the resultant mixture 
was separated into two layers, the organic layer was dried with magnesium sulfate and treated for separation in ac- 
cordance with the chromatography. 2,3-0-lsopropylidene-5-deoxy-|J-D-furanosyl fluoride was obtained as the product 
40 of rearrangement at a yield of 55%. However, methyl 2,3-0-isopropylidene-5-deoxy-5-fluoro-p-D-ribofuranoside of the 
object compound was not obtained at all. 

Examples Fluorination of ethyl 2,3-O-diisopropylidene-0-D-ribofuranoside 

45 [0074] The same procedures as those conducted in Example 2 were conducted except that ethyl 2,3-O-isopropyli- 
dene-p-D-rlbofuranoside (10 mmole) as the substrate and N.N-diethyl-ct.a-d if luoro(3-methyl)-benzylamlne (20 mmole) 
as the fluorinating agent were used. As the products, ethyl 2,3-0-isopropylidene-5-deoxy-5-fluoro-p-D-ribofuranoside 
was obtained at a yield of 55%, and 2,3-0-isopropylidene-5-0-ethyl-p-D-furanosyl fluoride was obtained at a yield of 
21%. 

50 

Example 4 Fluorination of isopropyl 2,3-O-isopropylidene-p-D-ribofuranoside 

[0075] The same procedures as those conducted in Example 3 were conducted except that isopropyl 2,3-O-isopro- 
pylidene-p-D-ribofuranoside (10 mmole) was used as the substrate. As the products, isopropyl 2,3-O-isopropylidene- 
55 5-deoxy-5-fluoro-p-D-ribofuranoside was obtained at a yield of 62%, and 2,3-0-isopropylidene-5-0-isopropyl-£-D- 
furanosyl fluoride was obtained at a yield of 22%. 
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Example 5 Fluorination of ^S'-O-isopropylideneuridine 

[0076] The same procedures as those conducted in Example 3 were conducted except that 2 , ,3 , -0-isopropylide- 
neuridine (10 mmole) was used as the substrate. As the product, a'.a'-O-isopropylidene-S'-deoxy-S-fluorouridine was 
5 obtained at a yield of 55%. 

Example 6 Fluorination of 1 ,2,3,4-di-O-isopropylidene-ct-D-galactopyranose 

[0077] The same procedures as those conducted in Example 3 were conducted except that N,N-diethyl-a,a-dif luoro 
10 (3-methyl)benzylamine (20 mmole) was used as the substrate. As the product, 1 ,2,3,4-di-0-isopropylidene-6-deoxy- 
6-fluoro-a-D-galactopyranose was obtained at a yield of 75%. 

Example 7 Fluorination of a-D-ribofuranose 1,3,5-tribenzoate 

is [0078] into a pressure resistant vessel (200 ml) of the closed type which was made of Teflon and attached with a 
fiber optic temperature sensor, a stirrer rod, a-D-ribofuranose 1 ,3,5-tribenzoate (11 mmole; 5.1 g) and 50 ml of ace- 
tonitrile were placed. To the resultant mixture, N,N-diethyl-o } a-difluoro(3-methyl)benzylamine (23.2 mmole; 49.5 g) 
was slowly added under a nitrogen atmosphere. The temperature was then raised to 200° C at a rate of 20°C/min under 
stirring, and the reaction was allowed to proceed for 20 minutes. After the reaction was completed, the reaction product 

20 was poured into 200 ml of ice water, and the organic layer was separated. The aqueous layer was treated by extraction 
with 50 ml of acetonitrile. The obtained two organic layers were combined, washed with pure water, dried with mag- 
nesium sulfate and then filtered. The obtained organic solution was concentrated using an evaporator, and the con- 
centrated solution was analyzed in accordance with the liquid chromatography. As the result, 2.8 g (the yield: 55%) of 
2-deoxy-2-fluoro-a-D-ribofuranose 1 ,3,5-tribenzoate of the object compound was obtained. 

25 

Example 8 Fluorination of 2,3,5,6-di-O-isopropylidene-D-mannofuranose 

[0079] The same procedures as those conducted in Example 1 were conducted except that 2,3,5,6-di-O-isopropyli- 
dene-D-mannof uranose (1 0 mmole) was used as the substrate, and the reaction was allowed to proceed at the room 
30 temperature for 1 hour. As the product, 2.3,5,6-diisopropylidene-D-mannofuranosyl fluoride was obtained at a yield of 
94% without removal of the acetonide of the protective group at all. 

Comparative Example 2 Fluorination of 2,3,5,6-di-O-isopropylidene-D-mannofuranose 

35 [0080] The same procedures as those conducted in Example 8 were conducted except that HF (20 mmoles) was 
used as the fluorinatlng agent. As the result, the protective group was removed, and 2,3,5,6-di-O-isopropylidene-D- 
mannofuranosyl fluoride of the object compound was not obtained at all. The fluorination at the 1 -position could not 
be achieved. 

40 Example 9 Fluorination of 2,3,4,5-tetra-O-acetyl-D-glucopyranose 

[0081] The same procedures as those conducted in Example 1 were conducted except that 2,3,4,5-tetra-O-acetyl- 
D-glucopyranose (10 mmole) was used as the substrate, and the reaction was allowed to proceed at the room tem- 
perature for 1 hour in methylenechloride. As the product, 2,3,4,5-tetra-O-acetyl-D-glucopyranosyl fluoride was obtained 
45 at a yield of 84% without removal of the acetyl group of the protective group at alir 

Comparative Example 3 Fluorination of 2,3,4,5-tetra-O-acetyl-D-glucopyranose 

[0082] The same procedures as those conducted in Example 9 were conducted except that HF (20 mmoles) was 
50 used as the fluorinating agent. As the result, the protective group was removed, and 2,3,4,5-tetra-O-acetyl-D-glucop- 
yranosyl fluoride of the object compound was not obtained. The fluorination at the 1 -position could not be achieved. 

Example 10 Fluorination of 2,3,4,5-tetra-O-acetyl-D-glucopyranose 

55 [0083] The same procedures as those conducted in Example 2 were conducted except that 2,3,4,5-tetra-O-acetyl- 
D-glucopyranose (10 mmole) was used as the substrate. As the product, 2,3,4,5-tetra-O-acetyl-D-glucopyranosyl flu- 
oride was obtained at a yield of 84% without removal of the acetyl group of the protective group at all. 
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Example 11 Fluorination of a-D-ribofuranose 1 ,3,5-tribenzoate 

[0084] The same procedures as those conducted in Example 7 were conducted except that a-D-ribofuranose 
1 ,3,5-tribenzoate (11 mmole) was used as the substrate, N,N-diethyl-a,a-difluoro(2-methoxy)benzylamine (23.2 
5 mmole) was used as the fluorinating agent, and the reaction was allowed to proceed at 120°C for 30 minutes. As the 
product, 2-deoxy-2-fluoro-a-D-robofuranose 1,3,5-tribenzoate was obtained at a yield of 85%. 

Example 12 Fluorination of D-xylopyranose 

10 [0085] The same procedures as those conducted in Example 9 were conducted except that D-xylopyranose (10 
mmole) was used as the substrate, and a fluorination agent (80 mmole) was used. As the product, 2,3,4-tri-0-(3'- 
methylbenzoyl)-D-xylopyranosyl fluoride was obtained at a yield of 57%. 

Example 13 Fluorination of 1,2,3,4-di-O-isopropylidene-a-D-galactopyranose 

15 

[0086] The same procedures as those conducted in Example 6 were conducted except that N,N-diethyl-a,a-difluoro 
(2-methoxy)benzylamine (20 mmole) was used as the fluorinating agent, and the reaction was allowed to proceed at 
120°C for 48 hours without the irradiation with microwave. As the product, 1 ,2 s 3,4-di-0-isopropylidene-6-deoxy- 
6-fluoro-a-D-galactopyranosyl fluoride was obtained at a yield of 58%. 

20 

B. Using the fluorinating agent represented by general formula (III) 

<Fluorination of a primary alcohol> 

25 Example 1 4 1 -Dodecanol 

[0087] In a microwave oven in which uniform irradiation can be made by a distributor of the pyramid type (the width 
and the depth: 55 cm; the height: 70 cm; the output: 1 KW; the frequency: 2.45 GHz), a 1 00 ml glass reactor equipped 
with a stirrer and a condenser and coated with a f luororesin was placed; Into the reactor 1 -dodecanol (10 mmole; 1 .86 

30 g) as the substrate and N,N-diethyl-a,a-difluoro(3-methyl)benzylamine (12 mmole; 2.25 g) as the fluorinating agent 
were placed. While the resultant mixture was stirred at the room temperature, the mixture was irradiated with microwave 
for 10 minutes. After the irradiation with microwave was completed, 50 ml of water was added to the fluid formed by 
the reaction, and the resultant mixture was treated by extraction twice with 20 ml of dichloromethane. The extract was 
dried with magnesium sulfate, filtered and distilled under a reduced temperature, and a product was obtained. The 

35 product was identified in accordance with IR, NMR and the mass analysis and quantitatively analyzed in accordance 
with the gas chromatography or the liquid chromatography The yield of 1-fluorododecane as the product was found 
to be 93%. 

Comparative Example 4 1 -Dodecanol 

40 

[0088] The reaction was conducted in accordance with the same procedures as those conducted in Example 14 
except that the irradiation with microwave was not conducted. The yield of 1 -fluorododecane was 45% when the reaction 
was allowed to proceed at a temperature of 1 1 0°C for 1 0 minutes and 1 2% when the reaction was allowed to proceed 
at the room temperature for 17 hours. 

45 

Example 15 10-Undecene-1-ol 

[0089] In the same apparatus as that used in Example 1 4 t 1 0-undecene-1 -ol (1 0 mmole; 1 .7 g) as the substrate and 
N,N-diethyl-a,a-difluoro(3-methyl)benzylamine (12 mmole; 2.56 g) as the fluorinating agent were added to heptane as 
so the solvent. While the resultant mixture was stirred at the room temperature, the mixture was irradiated with microwave 
for 10 minutes. As the product, 1-fluoro-10-undecene was obtained at a yield of 91%. 

Example 16 Ethylene glycol 

55 [0090] The reaction was conducted in accordance with the same procedures as those conducted in Example 15 
except that ethylene glycol (10 mmole) was used, and n-heptane of the solvent was not used. One of the two hydroxyl 
groups in ethylene glycol alone was fluorinated after the irradiation with microwave for 10 minutes. As the product, 
2-((3-mothyl)benzoyloxy)-1-fluoroethane was obtained at a yield of 83%. 
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<Fluorination of a secondary alcohol> 

Example 1 7 cis-Cyclohexane-1 ,2-diol 

5 [0091] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
except that cis-cyclohexane-1 ,2-diol (10 mmole) was used as the substrate. As the product, (trans)-1-fluoro-2-((3-me- 
thyl)benzoyloxy)cyclohexane was obtained at a yield of 89%. 

Example 1 8 Cyclododecanol 

10 

[0092] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
except that cyclododecanol {1 0 mmole) was used as the substrate. As the product, fluorocyclododecane and cyclodo- 
decene were obtained at yields of 16% and 84%, respectively. 

is <Fluorination of a tertiary hydroxyl group> 

Example 1 9 Methyl a-hydroxyisobutyrate 

[0093] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
20 except that methyl a-hydroxyisobutyrate (1 0 mmole) was used as the substrate. As the product, methyl a-fluoroisobu- 
tyrate was obtained at a yield of 93%. 

Comparative Example 5 Methyl a-hydroxyisobutyrate 

25 [0094] A 1 00 ml glass reactor equipped with a stirrer and a condenser and coated with a f luororesin was used. Into 
-the reactor, methyl a-hydroxyisobutyrate (10 mmole) as the substrate, N.N-diethyl-a^-difluorotS-methyObenzylamine 
(12 mmole; 2.56 g) as the fluorinating agent and 20 ml of n-heptane as the solvent were placed. The reaction was 
allowed to proceed at 20°C for 5 hours under stirring. The yield of methyl a-fluoroisobutyrate was 80%. 

30 Example 20 1-Adamantanol 

[0095] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
except that 1 -adarnantanol (1 0 mmole) was used as the substrate. As the product, 1 -f luoroadamantane was obtained 
at a yield of 96%. 

35 

Comparative Example 6 1-Adamantanol 

[0096] The reaction was conducted in accordance with the same procedures as those conducted in Comparative 
Example 4 using the same apparatus as that used in Comparative Example 4 except that 1 -adarnantanol (10 mmole) 
40 was used as the substrate. As the product obtained after the reaction at 20°C for 5 hours under stirring, 1 -fluoroada- 
mantanol was obtained at a yield of 68%. 

<Fluorination of an epoxy compound> 

45 Example 21 2-(n-Decyl)oxirane 

[0097] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
except that 2-(n-decyl)oxirane (10 mmole) was used as the substrate, dodecane was used as the solvent, and the 
irradiation with microwave was conducted for 30 minutes. As the product, 1 ,2-dif luorododecane, i.e., a compound 
so obtained by introduction of two fluorine atoms, was obtained at a yield of 65%. 

<Fluorination of a carbonyl compound> 

Example 22 Benzaldehyde 

55 

[0098] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
except that benzaldehyde (1 0 mmole) was used as the substrate. The yield of difluoromethylbenzene as the product 
was 86%. 
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Example 23 Cyclohexanone 

[0099] The reaction was conducted in accordance with the same procedures as those conducted in Example 1 6 
except that cyclohexanone (10 mmole) was used as the substrate. As the products, difluorocyclohexane (the yield: 
5 32%) and fluorocyclohexene (the yield: 58%) were obtained. 

Example 24 Benzoic acid 

[0100] The reaction was conducted in accordance with the same procedures as those conducted in Example 16 
10 except that benzoic acid (1 0 mmole) was used as the substrate. The yield of benzoyl fluoride as the product was 99%. 

Comparative Example 7 Cyclohexanone 

[0101] Using cyclohexanone (10 mmole) as the substrate and 10 mmole of 1,3-dimethyl-2,2-difluoroimidazolidine 
15 (DFI; manufactured by MITSUI KAGAKU KOGYO Co., Ltd.) as the fluorinating agent, the irradiation with microwave 
was conducted in accordance with the same procedures as those conducted in Example 16. However a runaway 
reaction started immediately, and the reaction was stopped due to the danger. No object compound was obtained at all. 

C. Using a complex compound of HF and a base as the fluorinating agent 

20 

Example 25 

[0102] In a microwave oven in which uniform irradiation can be made by a distributor of the pyramid type (the width 
and the depth: 55 cm ; the height: 70 cm; the output: 1 KW; the frequency: 2.46 GHz), a 5 ml reactor made of a fluororesin 

25 (PFA) and equipped with a reflux condenser was placed, and the fluorination was conducted. 

[0103] into the reactor, cyclohexene oxide (1 mmole; 0.1 g) as the substrate and triethylamine-3HF (0.6 mmole; 0.1 
g) as the fluorinating agent were placed, and the resultant mixture was irradiated with microwave for 2 minutes without 
stirring. After the irradiation with microwave was completed, the fluid formed by the reaction was cooled to the room 
temperature, poured into 15 ml of water and treated by extraction twice with 15 ml of diethyl ether. The extract was 

30 neutralized with an aqueo us solution of sodium hydrogencarbonate and dried by adding a suitable amount of anhydrous 
potassium carbonate. After the solvent was removed by distillation under a reduced pressure, the obtained product 
was purified in accordance with the column chromatography (hexane:Et 2 0=1 :1). As the product, trans- 
2-f 1 uorocyclohexanol was obtained at a yield of 71 % (the purity: 98% or greater). 

35 Comparative Example 8 

[0104] The same procedures as those conducted in Example 25 were conducted except that the irradiation with 
microwave was not conducted, and the reaction was allowed to proceed at a temperature of 115°C for 4 hours. The 
yield of trans-2-fluorocyclohexanol as the product was 61%, 

40 

Example 26 

[0105] Using the same apparatus as that used in Example 25, the same procedures as those conducted in Example 
25 were conducted except that cyclododecene oxide (1 mole; 0.17 g; the ratio of the isomers=31 :69) and Et 3 N-3HF 
^5 (0.6 moles; 0.1 g) were used, and the irradiation with microwave was conducted for 1 0 minutes. As the product, 2-fluor- 
ocyclododecanol was obtained at a yield of 76%. 

Comparative Example 9 

so [0106] The same procedures as those conducted in Example 26 were conducted except that the irradiation with 
microwave was not conducted, and the reaction was allowed to proceed at a temperature of 155°C for 4 hours. The 
yield of 2-fluorocyclododecanol as the product was 54%. 

Example 27 

55 

[0107] Using the same apparatus as that used in Example 25, the same procedures as those conducted in Example 
25 were conducted except that cyclooctene oxide (1 mole) and Et 3 N-3HF (1 mole) were used, and the irradiation with 
microwave was conducted for 1 0 minutes. As the product, trans-2-fluorocyclohexanol was obtained at a yield of 68%. 
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Comparative Example 10 

[0108] The same procedures as those conducted in Example 27 were conducted except that the irradiation with 
microwave was not conducted. The yield of trans-2-fluorocyclooctanol as the product was 54%. 

5 

Example 28 

[0109] The same procedures as those conducted in Example 25 were conducted except that cyclododecane- 
1 ,4,8-triene monoxide (1 mole) as the substrate and Et 3 N-3HF (1 mole) were used, and the irradiation with microwave 
10 was conducted for 2 minutes. As the product, 2-fluorocyclododecane-6,1 0-diene-1 -ol was obtained at a yield of 78%. 

Comparative Example 11 

[0110] The same procedures as those conducted in Example 28 were conducted except that the irradiation with 
15 microwave was not conducted, and the reaction was allowed to proceed at a temperature of 155°C for 4 hours. The 
yield of 2-fluorocyclododecane-6,10-diene-1-ol as the product was 51%. 

Examples 29 to 36 and Comparative Examples 12 to 19 

20 [0111] Using the same apparatus as that used in Example 25, the fluorination under irradiation with microwave 
(Examples) and the fluorination in accordance with the thermal reaction (Comparative Examples) were compared using 
the substrates and the fluorinating agents shown in Table 1 . The results are shown in Table 1 . 

Example 37 

25 

[01 12] The same procedures as those conducted in Example 25 were conducted except that 3-phenylpropyl methyl 
sulfonate (1 mmole) and Et 3 N-3HF (1 .2 mmole) were placed in a 10 ml reactor made of PFA, and the irradiation with 
microwave was conducted for 2 minutes. As the product, 1 -fluoro-3-phenylpropane was obtained at a yield of 80%. 

30 Comparative Example 20 

[0113] The reaction was conducted In accordance with the same procedures as those conducted in Example 37 
except that the reaction of 3-phenylpropyl methyl sulfonate (1 mmole) and Et 3 N-3HF (10 mmole) was allowed to proceed 
at 80°C for 100 hours in an acetonitrile solvent, and the yield of the product was examined. The change in the yield of 
35 1 -f luoro-3-methylpropane with time was as follows: 



The yield after 10 hours 


12% 


The yield after 20 hours 


20% 


The yield after 38 hours 


44% 


The yield after 54 hours 


74% 


The yield after 79 hours 


80% 


The yield after 100 hours 


80% 



45 

Table 1 





(Reaction): substrate to product 




Example and Comparative Example 


Fluorinating agent 


Temperature 


Time 


Yield 


50 




(reaction agent) 


(°C) 


(min) 


(%) 


(Hydrofluorination): 2,3-dimethyl-2-butene to 2-fluoro-2,3-dimethylbutane 










Example 29 


triethylamine-3HF 


room temp. 


5 


77 




Comparative Example 12 


triethylamine-3HF 


100 


60 


72 


55 


(Halofluorination): cyclododecene to 1 -bromo-2-fluorododecane 










Example 30 


triethylamine-3HF (NBS) 


room temp. 


5 


98 




Comparative Example 13 


triethylamine-3HF (NBS) 


room temp. 


60 


95 
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Table 1 (continued) 



(Reaction): substrate to product 


Example and Comparative Example 


Fluorinating agent 
(reaction agent) 


Temperature 
(°C) 


Time 
(min) 


Yield 
(%) 


(Halogen-fluorine exchange): 2,4,6-trichlon 
Example 31 

Comparative Example 14 


D-5-methylpyrimidine to 2,4,6-trifluo 
triethylamine-3HF 
trlethylamine-3HF 


ro-5-methylpyrimi< 
room temp. 
60 


jine 

5 

360 


94 
91 


(Fluorinatlon with removal of diazo group): 
Example 32 

Comparative Example 15 


benzene diazonlumtetrafluoroborat 
triethylamine-3HF 
triethylamine-3HF 


e to fluorobenzene 
room temp. 
40 


10 
480 


96 
76 


(Removal of protective group of a silyl ethe 
Example 33 

Comparative Example 16 


r): 1 ,3-butanediol 1 -t-butyldiphenyk 
triethylamine-3HF 
triethylamine-3HF 


jiyl ether to 1,3-bu 
room temp. 
80 


tanediol 
5 

480 


89 
82 


(Reductive fluorination): 2-adamantane to < 
Example 34 

Comparative Example 17 


>-fluoroadamantane 

pyridine-3HF (triethylsilane) 
pyridine-3HF (triethylsilane) 


room temp. 
60 


5 
60 


78 
68 


(Fluorination of saccharide): p-D-glucopyra 
Example 35 

Comparative Example 18 

(Fluorination of saccharide): p-D-glucopyra 

Example 36 

Comparative Example 19 


nosy I bromide tetraacetate to p-D-c 
triethylamine-3HF 
triethylamine-3HF 

nosy! tetraacetate to p-D-glucopyra 
triethylamine-3HF 
triethylamine-3HF 


jlucopyranosyl flue 
room temp. 
60 

nosilyl fluoride tria 
room temp, 
room temp. 


>ride tetra 
5 

120 
cetate 
10 
180 


acetate 
84 
66 

61 
0 



10 



15 



20 



25 



30 



35 



INDUSTRIAL APPLICABILITY 

[0114] In accordance with the present invention, the fluorination of various substrates which are hardly fluorinated 
in accordance with the conventional technology can proceed highly selectively, efficiently in a short time and safely. 
The substrates are, for example, saccharides useful as the functional chemical such as materials for drugs, cosmetics 
and healthy foods, compounds having hydrogen atom activated by a substituent at the a position, the p-position or the 
y-positlon, silyl ether compounds, compounds having an unsaturated group, hydroxyl group, a halogeno group, amino 
group, diazo group, triazeno group or isocyano group as the functional group, and cyclic compounds having three- 
membered or greater ring which may have heteroatoms. 



40 



Claims 



45 



50 



1. A method of fluorination which comprises fluorinating a saccharide using a fluorinating agent represented by gen- 
eral formula (I): 



F P 

r°-c— y; 



,R 



R 



(I) 



55 



wherein Y represents nitrogen atom or phosphorus atom, R°, R 1 and R 2 represent hydrogen atom or an alkyl or 
aryl group which may have substituents, the atom and the groups represented by R°, R 1 and R 2 may be a same 
with or different from each other atom, and two or three of the groups represented by R°, R 1 and R 2 may be bonded 
to each other to form a ring. 
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. 2. A method of fluorination according to Claim 1, wherein, in general formula (I), Y represents nitrogen atom, R° 
represents 3-methylphenyl group or 2-methoxy phenyl group, and R 1 and R 2 represent ethyl group. 

3. A method of fluorination according to any one of Claims 1 and 2, wherein the saccharide is fluorinated by a thermal 
5 reaction. 

4. A method of fluorination which comprises fiuorinating a substrate by bringing the substrate and a fluorinating agent 
into reaction with each other under irradiation with at least one of microwave and electromagnetic wave having a 
wavelength around a microwave region. 

10 

5. A method of fluorination according to Claim 4, wherein the substrate is fluorinated by bringing the substrate and 
the fluorinating agent into reaction with each other under irradiation with microwave having a frequency of 1 to 30 
GHz. 



15 6. A method of fluorination according to any one of Claims 4 and 5, wherein the fluorinating agent is a compound 
represented by general formula (II): 



F X 
Q \ / /R 



25 



30 



1 



R 2 



(II) 



wherein Y represents nitrogen atom or phosphorus atom, X represents hydrogen atom or a halogen atom, R°, R 1 
and R 2 represent hydrogen atom or an alkyl or aryl group which may have substituents, the atom and the groups 
represented by R°, R 1 and R 2 may be a same with or different from each other, and two or three of the groups 
represented by R°, R 1 and R 2 may be bonded to each other to form a ring. 

7. A method of fluorination according to Claim 6, wherein the fluorinating agent is a compound represented by general 
formula (III): 



35 



40 



FX 4 



(III) 



wherein R 3 , R 4 and R 5 each independently represent an alkyl or aryl group which may have substituents, X rep- 
resents hydrogen atom or a halogen atom, and two or three of the groups represented by R 3 , R 4 and R 5 may be 
bonded to each other to form a cyclic structure. 

45 

8. A method of fluorination according to Claim 7, wherein, in general formula (III), R 3 represents an aryl group which 
may have substituents, X represents fluorine atom, and R 4 and R 5 represent an alkyl or aryl group having 1 to 32 
carbon atoms which may have substituents. 

50 9. A method of fluorination according to any one of Claims 6 to 8 : wherein the substrate is an organic compound 
having at least one atom selected from oxygen atom, nitrogen atom and sulfur atom. 



10. A method of fluorination according to Claim 9, wherein the substrate is a compound having hydroxyl group. 

55 1 1 . a method of fluorination according to Claim 1 0, wherein the substrate is a diol having hydroxyl groups adjacent to 
each other. 



12. A method of fluorination according to Claim 10, wherein the substrate is a saccharide. 
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13. A method of fluori nation according to Claim 12, wherein the fluorinating agent is a compound represented by 
general formula (II) in which X represents fluorine atom. 

14. A method of fluorinatlon according to Claim 13, wherein the fluorinating agent Is a compound represented by 
5 general formula (II) in which X represents fluorine atom, Y represents nitrogen atom, R° represents 3-methylphenyl 

group or 2-methoxyphenyl group, and R 1 and R 2 represent ethyl group. 

15. A method of fluorination according to any one of Claims 12 to 14, wherein the saccharide is a compound selected 
from monosaccharides, glycosides, anhydrides of monosaccharides, oligosaccharides and polysaccharides. 

10 

1G. A method of fluorination according to Claim 9, wherein the substrate is a compound having carbonyl group or 
carboxyl group. 

17. A method of fluorination according to Claim 9, wherein the substrate is an epoxide. 

15 

18. A method of fluorination according to any one of Claims 4 and 5, wherein the fluorinating agent is a complex 
compound comprising HF and a base. 

19. A method of fluorination according to Claim 18, wherein the fluorinating agent is an alkylamine-HF complex com- 
20 pound. 

20. A method of fluorination according to Claim 19. wherein the fluorinating agent is a triethylamine-HF complex com- 
pound. 

25 21 . A method of fluorination according to any one of Claims 1 8 to 20, wherein the fluorination is conducted in a presence 
of an agent accelerating a reaction. 

22. A method of fluorination according to any one of Claims 18 to 21 , wherein the substrate is a compound having 
hydrogen atom activated by a substituent at an a position, a ^-position or a -^position, a silyl ether compound, a 

30 compound having an unsaturated group, hydroxy! group, a halogeno group, amino group, diazo group, triazeno 

group or isocyano group as a functional group, or a cyclic compound having three-membered or greater ring which 
may have heteroatoms. 

23. A method of fluorination according to any one of Claims 1 8 to 21 , wherein the substrate is a saccharide or a cyclic 
35 compound having cyclopropane ring, oxirane ring, aziridine ring or 1 ,3-dithiane ring. 



40 



45 



50 



55 



19 



EP 1 568 703 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/15336 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C07H9/04, 13/04, 13/08, 19/06, 1/00//C07B39/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C07H9/04, 13/04, 13/08, 19/06, 1/00, C07B39/00 



Documentation searched other than minimum documentation to the extent mat such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAPI>OS(STN) , REGISTRY (STN), CASREACT (STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



P,X 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 03/020685 Al (Mitsubishi Gas Chemical Co., 
Inc. ) , 

13 March, 2003 (13.03.03), 

Full text 

& JP 2003-64034 A 

EP 1172369 Al {AIR PRODUCTS AND CHEMICALS, INC.), 
16 January, 2002 (16.01.02), 
Full text 

s JP 2002-193989 A & US 6462191 Bl 

DMOWSKI, W. et al . , DIALKYL-a, Of-DIFLUOROBENZYLA 
MINES AND DIALKYL (TRIFLUOROMETHYL) AMINES-NOVEL 
FLUORINATING REAGENTS, . Journal of Fluorine 
Chemistry, 1983, Vol.23,. No. 3, pages 219 to 228 



Relevant to claim No. 



1-3 



1-3,12-15, 
23 



1-3,6-17 



|"x] Further documents are listed in the continuation of Box C. r^J See patent family annex. 



"O" 



Special categories of cited documents: 

document defining the general state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international tiling 

date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international riling date but later 
than die priority date claimed 



"T* later document published after the in lemaiiunal fil ing dale or 
priority date and not in conflict with the application bnt cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

a &" document member of the same patent family 



Date of mailing of the international search report 

27 January, 2004 (27.01.04) 



Date of the actual completion of the international search 
08 January, 2004 (08.01.04) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/2 10 (second sheet) (July 1998) 



20 



EP 1 568 703 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/15336 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

y 



x 

Y 



OS 3101357 A (Syntex Corp.), 
20 August, 1963 (20.08.63), 
Full text 
(Family: none) 

WO 00/58240 Al (PHODIA CHIMIE) , 

05 October, 2000 (05.10.00), 
Full text 

6 EP 1165465 Al & JP 2003-525204 A 

WO 01/02320 Al (PHODIA CHIMIE), 
11 January, 2001 (11.01.01), 
Full text 

& EP 1189855 Al & JP 2Q03-503467 A 

Edited by CSJ: The Chemical Society of Japan, 
"Shin Jikken Kagaku Koza 14 Yuki Kagobutsu no 
Gosei to Han'no [l] n , (publisher Maruzen Co., 
Ltd.), 1977, pages 308 to 331 

GEDYE, R. et al-, THE USE OF MICROWAVE OVENS FOR 
RAPID ORGANIC SYNTHESIS, Tetrahedron Letters, 
1986, Vol.27, No. 3, pages 279 to 282 

WO 97/41083 Al ( PHONE -POULENC CHEMICALS LTD.), 
06 November, 1997 (06.11.97), 
Full text 

& EP 900180 Al & JP 2000-509384 A 

& US 6179970 Bl 



1,3,6-13, 
15-17 



4,5 

6-23 



4,5 

6-23 



18-23 



4-23 



1-23 



Form PCT/ISA/210 (continuation of second sheet) (July 1*98) 



21 



EP 1 568 703 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/15336 



Box I Observations wh ere certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such £ 
extent that no meaningful international search can be carried out, specifically: 



3- j | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

The subject matters of the claims are classified into two. groups of inventions , 
i.e. f (1-3) and (4-23) . 

The first and second groups of inventions each relates to a method of 
fluorinating a substrate. However, methods of substrate fluorination are 
known. That method cannot hence be regarded as a "special technical feature" 
in the meaning of Rule 13.2 of the Regulations under the PCT. 

The "special technical feature" of the first group of inventions is a method 
(continued to extra sheet) 

1. Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. [x] As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. [^] As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. r— j n 0 required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by cluims Nos.: 



Rema rk on Protest Q The additional search ftes were accompanied by the applicant protest. 

j | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 1998) 



22 



EP 1 568 703 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/15336 



Continuation of Box No. II of continuation of first sheet (1) 

of fluorinating a glucide with a fluorinating agent represented by the 
general formula (I) . 

On the other hand/ the "special technical feature" of the second group 
of inventions is amethod of fluorinating a substrate in which the substrate 
is reacted with a fluorinating agent by irradiation with microwave and/ or 
an electromagnetic wave with a wavelength around the microwave region. 

Consequently, there is no technical relationship between these two 
groups of inventions which involves one or more identical or corresponding 
special technical features . Therefore, it cannot be considered that they 
are so linked as to form a single general inventive concept. 



Form PCT/ISA/210 (extra sheet) (July 1998) 



23 



